Ground beef has been implicated in most outbreaks of Shiga-toxin-producing Escherichia coli O157 infections in humans. [1] [2] [3] No outbreaks of infection with this organism have been linked to lamb; however, ruminants such as sheep may contribute to transmission of this organism to humans. Shiga-toxin-producing E. coli (STEC) have been reported to be more prevalent in sheep and goats than in cattle and have been isolated from several retail meats, including lamb. 4, 5 Sheep can be colonized by E. coli O157 experimentally and through natural exposure, and this serotype has been isolated from retail lamb in the United States. [6] [7] [8] Here, we describe a pilot study conducted to determine the prevalence of E. coli O157 and other STEC serotypes in market lambs just prior to slaughter and to evaluate specific factors that may be associated with a higher or lower prevalence of E. coli O157 in lambs at slaughter.
Lambs were sampled at a slaughter facility that processed lambs only located in the midwestern United States. All samples were collected over 3 days in October 1995. Sixty lambs were sampled from lots that exceeded 100 lambs; otherwise, 30 lambs were sampled per lot. Each lot was categorized by source (single farm flock vs. commercial feedlot), distance shipped, and elapsed time from farm to slaughter. Fecal samples were collected by rectal extraction of fecal pellets or, if feces were not in pellet form, by rectal swab with a cotton-tipped swab. For detection of E. coli O157, a single fecal pellet or fecal swab was placed in a culture tube containing 3 ml of tryptic soy broth a to which had been added 40 g/ml vancomycin b and 50 ng/ml cefixime c (TSBcv). From every 10 lamb in order of sampling, a larger volume of feces was obtained with a gloved hand for culture of 10 g of feces (in addition to the pellet or swab cultures on the same lambs). The larger samples were placed into a polypropylene tube containing 20 ml of TSBcv to which was also added 2.5 g/ml potassium tellurite d (TSBcvt). From each of the same systematically selected lambs, a single fecal pellet was placed into a culture tube containing 10 ml of EC broth containing 20 g/ml of novobiocin d (ECBn). Samples in ECBn were used to determine the presence of STEC serotypes in lamb fecal samples. All fecal samples were refrigerated until cultured in the laboratory.
All single fecal pellet and rectal swab samples were cultured by a stationary incubation in TSBcv at 37C for 16-24 hours. All 10-g fecal samples were cultured in 50 ml of TSBcvt and incubated with agitation at 37C for 18 hours. After incubation, serial dilutions of the enriched samples were plated onto sorbitol MacConkey agar. Isolation of E. coli O157 from fecal samples was based on the lack of sorbitol fermentation and beta-glucuronidase activity and possession of both O157 antigen and Shiga toxin genes. 10 Shiga toxin (STx) typing was performed with a polymerase chain reaction (PCR) technique. 9 Each ECBn tube was incubated overnight at 37C. A 2-ml portion of each culture was frozen at Ϫ70C, and a second portion was frozen similarly but with a final concentration of 33% glycerol. Detection and isolation of STEC was undertaken as described previously, with some modifications. 22 A 100-l quantity of each fecal culture frozen in glycerol was inoculated into 5 ml of modified tryptic soy broth containing 20 g/ml novobiocin (mTSBϩn) and incubated overnight at 37C. Filtrates of the resulting culture were screened for the presence of STx by the Vero cell cytotoxicity assay (VCA) as described previously, except that filtrates were tested at 3 5-fold dilutions and the plates were read microscopically after 48 hours. In addition, a duplicate 1:5 dilution of each filtrate prepared with neutralizing antibodies to STx1 and STx2 was included in the VCA to confirm that any observed cytotoxicity was due to STx. The mTSBϩn culture was also streaked onto MacConkey agar and incubated overnight at 37C, and the plates were held at 4C pending results of the VCA. Filtrates were classified as STx positive if they killed Ͼ50% of the Vero cell monolayer at a dilution of Ն1: 5 and the cytotoxic effect was completely or substantially neutralized by anti-STx antibodies. Isolation of STEC for STx-positive samples was attempted from the corresponding MacConkey agar plates. One or 2 sweep samples of multiple colonies and up to 15 single colonies from each plate were cultured overnight at 37C in 1 ml of mTSB (without novobiocin), and filtrates from these cultures were tested at a 1: 5 dilution in the VCA. STx-positive single colony cultures were plated onto MacConkey agar, and isolated colonies were confirmed as STEC by a further VCA. Up to 3 STEC isolates from each sample were serotyped by standard methods, and toxin was typed by PCR amplification. 12, 13 Fisher's 2-tailed exact test was used to determine if differences existed in the number of E. coli O157 detected in lambs originating from commercial feedlots versus those originating from single farm flocks and to test for differences in lambs that were in transit and holding for Ն18 hours compared with lambs in transit and holding for Ͻ18 hours.
Seven (0.8%) of 882 lambs sampled were positive for E. coli O157 by fecal pellet or swab culture. One (1.1%) of 89 sheep tested using the 10-g fecal culture was positive for E. coli O157; this fecal sample was not detected as positive using the pellet or swab culture. The E. coli O157 isolates from 6 of the 8 sheep possessed genes for both STx types 1 and 2, the remaining 2 lambs were shedding isolates positive for STx type 2 only. Seven of 496 (1.4%) lambs originating in commercial feedlots were positive for E. coli O157 as was 1 of 386 (0.3%) lambs originating in single farm flocks (P ϭ 0.09). Lambs that were in transit and holding for Ն18 hours prior to slaughter had significantly more culture-positive fecal samples than those held for Ͻ18 hours (P Ͻ 0.01). Of the 206 lambs that were Ն18 hours in transit and in holding at the slaughter plant prior to slaughter, 6 (2.9%) were culture positive for E. coli O157. Of the 676 lambs that were Ͻ18 hours in transit and holding, 2 (0.3%) were culture positive (Table 1) . Fifty (56%) of the 89 fecal cultures tested were positive for STx by the VCA. STEC were isolated from 14 (28%) of the 50 STEC-positive cultures (15% of all samples) and belonged to 6 serotypes. The most prevalent serotype, E. coli O91:NM, producing STx types 1 and 2, was isolated from 7 (50%) of the 14 animals yielding STEC isolates (8% of all animals). Other STEC serotypes isolated included O6:H10 (3 lambs), O157:H7, O128:H2, O146:H21, and O?:H2 ( Table 2 ).
The prevalence of E. coli O157 found in the present study was much lower than that previously reported in an Idaho sheep flock. 7 In that study, 10-g fecal samples were used in a culture procedure identical to the one used for the 10-g samples from the subset of lambs in the present study, and the flock was sampled during the summer, when the prevalence of E. coli O157 has been documented to be higher in cattle and presumably other species. 14, 15 The samples in this study were collected in the fall. The additional positive sample found by the 10-g method suggests that this method might be slightly more sensitive than culture of a single fecal pellet or fecal swab. The prevalence estimate from the present study of Ͻ1% in slaughter lambs is similar to that observed in dairy and feedlot cattle. [14] [15] [16] The sample size in the present study was inadequate to definitively assess the effect of source of lambs (commercial feedlot vs. single farm flock) on prevalence of E. coli O157 infection or shedding in slaughter lambs. However, there was a significantly higher prevalence among lambs that had been in transit and holding for Ն18 hours. Lambs are not typically fed during transit and holding prior to slaughter, and the potential effect of withholding food on colonization with E. coli O157 has been reported previously. This observation merits further study because food intake is a factor that could be modified in efforts to reduce overall E. coli O157 prevalence among slaughtered animals. In this study, evidence of STEC was found in the feces of Ͼ50% of the lambs tested, and STEC was isolated from 15% of the tested feces. These findings are consistent with previous findings in sheep, and most of the non-O157 STEC serotypes in this study have been previously reported from sheep. 4, 18, 19 Two of the serotypes isolated, O91:NM and O128:H2, have been associated with bloody diarrhea and/or hemolytic uremic syndrome in humans. 20, 21 However, the public health significance of the other serotypes is unknown. 
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